1 NASA 


5 Tech nical 
= Paper 



Effect of Location of 
Aft-Mounted Nacelles on 
Longitudinal Aerodynamic 
Characteristics of a 
High- Wing Transport 
Airplane 


William K. Abeyounis 
and James C. Patterson, Jr, 


(NASA-TP-3QA7) EFFECT OF LOCATION OF N91-13 

A^T-MOUNTFO NACELLES ON THE LONG ITUO INAL 
1 AEkOOYNAH IC CHARACTERISTICS OF A HIGH-WING 

TRANSPORT AIRPLANE (NASA) 98 p CSCL 01A Unci as 


Hl/02 0293203 





NASA 

Technical 

Paper 

3047 


1990 


Effect of Location of 
Aft-Mounted Nacelles on 
Longitudinal Aerodynamic 
Characteristics of a 
High- Wing Transport 
Airplane 


William K. Abeyounis 
Langley Research Center 
Hampton, Virginia 

James C. Patterson, Jr. 

Vigyan Research Associates, Inc. 
Hampton, Virginia 


NASA 

National Aeronautics and 
Space Administration 

Office of Management 

Scientific and Technical 
Information Division 





Summary 

As part of a propulsion/airframe integration pro- 
gram at Langley Research Center, tests have been 
conducted in the Langley 16-Foot Transonic Tunnel 
to determine the longitudinal aerodynamic effects of 
installing flow-through, mixed-flow engine nacelles at 
several aft underwing positions on a high- wing trans- 
port airplane. Nacelles with D-shaped inlets were 
used in the tests. Some configurations with antishock 
bodies and with nacelle toe-in were also tested. Data 
were obtained for a free-stream Mach number range 
from 0.70 to 0.85 and for a model angle-of-attack 
range from -2.5° to 4.0°. Data were analyzed pri- 
marily at the design cruise conditions — a free-stream 
Mach number of 0.80 and a lift coefficient of 0.43 (at 
an angle of attack of approximately 1°). 

Installation of nacelles in the aft underwing po- 
sition produced lift increases, as opposed to the loss 
in lift typical of forward underwing pylon-mounted 
nacelle configurations. At the 0.370 semispan posi- 
tion, the more aft nacelle configuration had the lower 
installed drag increment. Along a spanwise line at a 
constant distance forward of the wing trailing edge, 
the 0.328 and 0.370 semispan nacelle positions gen- 
erated the lowest installed drags; the installed drag 
of the 0.328 nacelle configuration was slightly lower. 
Toeing-in the nacelles at this position to better align 
with the local flow reduced the installed drag incre- 
ment to a value below the calculated skin-friction 
drag of the isolated nacelle/pylon combinations (na- 
celle/pylons). The addition of antishock bodies to 
this toed-in configuration only increased the installed 
drag coefficient 0.0006, still 0.0003 below the calcu- 
lated skin- friction drag of the isolated nacelle/pylons. 

Introduction 

The installation of engine nacelles on the wing, 
fuselage, or tail of an airplane has a decided effect on 
the aerodynamic performance of the airplane. The 
difficulties of reducing interference drag for conven- 
tional, forward, underwing pylon-mounted nacelles 
on supercritical wings have been shown (ref. 1). Con- 
sequently, a propulsion/airframe integration program 
for transport aircraft has been conducted at Langley 
Research Center (refs. 2 to 13). As part of this pro- 
gram, alternate nacelle arrangements with the poten- 
tial for reducing unfavorable installation drag were 
explored. One of these is the aft underwing configu- 
ration. Reference 3 showed that, unlike the conven- 
tional, forward, underwing pylon-mounted nacelles, 
which cause a loss in lift characterized by a deficit in 
the wing span load, aft underwing nacelles generate 
a lift increase by pressurizing a portion of the lower 
wing surface. It also showed that antishock bodies, 


which could be configured as pylons to provide ade- 
quate structure for attaching the engine nacelles in 
an aft under wing position, could be added with little 
drag penalty. 

To further study the aerodynamic effects of this 
unconventional nacelle installation, nacelles with D- 
shaped inlets (referred to herein and in ref. 3 as “D- 
nacelles”) were tested in a wind-tunnel investigation. 
The D-nacelles were mounted at several spanwise and 
chordwise positions to ascertain if additional perfor- 
mance gains could be realized by increasing the pres- 
surized area of the lower wing surface. Configura- 
tions with the antishock bodies of reference 3 and 
with nacelle toe-in were also tested. 

Symbols and Abbreviations 


A 

cross-sectional area, in 2 

A o 

capture area, in 2 

BL 

butt line of model (lateral dimen- 
sion), in. 

b 

wing span, 63.121 in. 

Cd 

drag coefficient, ^j| 

CdJ, nac 

isolated nacelle/pylon skin-friction 
drag coefficient 

A C D 

nacelle installation drag coefficient 

*c DJ 

difference in skin-friction drag 
coefficient due to nacelle/pylon 
installation 

C L 

lift coefficient, 

’ QocC 


centerline 

Cm 

pitching-moment coefficient, 
Pitching moment 
QoqSc 

c p 

pressure coefficient, 

c 

chord measured in wing reference 
plane, in. 

c 

mean geometric chord, | (cj + c# 

ST C R ) i n 
c T +c R ) > in * 

Cav 

average wing chord, in. 

C R 

reference root chord at model 
centerline, 12.639 in. 

C T 

reference tip chord, 4.142 in. 

Cexit 

nacelle-exit diameter, 3.182 in. 

FS 

fuselage station (axial dimension 
from nose of model), in. 



L length, in. 

L/D lift-drag ratio 

Mqo free-stream Mach number 

MHB maximum half- breadth, in. 

NBL D-nacelle butt line (fig. 5(a)), in. 

NS nacelle station, in. 

NWL D-nacelle waterline (fig. 5(a)), WL 
-I- 7.0089, in. 

p pressure, lb/in 2 

Poo free-stream static pressure, lb/in 2 

q oo free-stream dynamic pressure, 

Ib/in 2 

R D-nacelle radial distance from top 

(fig. 5(a)), in. (script R in ref. 3) 

r m radius from model local centerline, 

in. 

S wing reference area, 529.59 in 2 

SB antishock body 

WL waterline of model (vertical dimen- 

sion), in. 

WRP wing reference plane (WL 3.25), in. 

x local axial dimension, in. 

y local lateral dimension, in. 

z local vertical dimension, in. 

a angle of attack, deg 

7 / semispan location, 2 yjb 

0 circumferential angular dimension 

for D-nacelle (fig. 5(a)), deg 

r nacelle forebody thickness, in. 

rj) circumferential angular dimension 

from vertical axis through nacelle 
centerline (fig. 5(a)), deg 

Subscripts: 

HL highlight (start of inlet lip) 

lip inlet-forebody lip 

max maximum cross section 

Experimental Apparatus and Procedure 

Wind Tunnel 

The experimental investigation was conducted 
in the Langley 16-Foot Transonic Tunnel (refs. 14 


and 15). This facility is a single- return, continuous- 
flow, atmospheric wind tunnel. It has a 47-ft-long oc- 
tagonal test section with eight longitudinal slots and 
a throat cross-sectional area of 199.15 ft 2 . The tun- 
nel has continuous air exchange for cooling. The wall 
divergence in the test section is adjusted as a func- 
tion of the airstream dew point and Mach number to 
minimize any longitudinal static-pressure gradients 
in the test section. The free-stream Mach number is 
continuously variable to a maximum of 1.30 with an 
accuracy of ±0.005. The average Reynolds number 
per foot varies from approximately 1.46 x 10 6 at a 
free-stream Mach number of 0.20 to approximately 
4.10 x 10 6 at a free-stream Mach number of 1.30. 

Model and Support System 

General arrangement. The experimental ap- 
paratus used in this investigation is shown in figure 1. 
The 1/24-scale model was representative of a wide- 
body transport. The complete model was sting sup- 
ported on a six-component strain-gauge balance. It 
had a high wing consisting of supercritical airfoil sec- 
tions and a T-shaped tail (T-tail) described in ref- 
erence 3. The T-tail was tested on only two base- 
line configurations during this investigation. The D- 
nacelles were tested in the aft underwing position at 
several chord wise and spanwise locations. A sketch 
showing the general arrangement of the basic trans- 
port model without nacelles is given in figure 2. The 
model blockage was only 0.36 percent of the test- 
section cross section; therefore, no corrections for 
tunnel blockage were needed. 

Model support system. The transport model 
was sting mounted in the test section of the tunnel. 
The centerline of the model was aligned with the 
test-section centerline when the model was level. 
The moment center of the balance was at a fuselage 
station of 30.203 in. (FS 30,203). The model moment 
center was at FS 29.733 with the model nose located 
at tunnel station 129,99 ft. 

Fuselage. The fuselage geometry is shown in 
figure 3. This fuselage was 62.0 in. in length with 
circular cross sections and a maximum diameter of 
9.0 in. The model had an ellipsoidal nose, a cylindri- 
cal center body, and an upswept aft section, A cylin- 
drical base fairing (fig. 1) was added to the fuselage to 
make test data less sensitive to base pressure correc- 
tions. The wall of the fairing was approximately Vg in. 
thick. The fairing was 5.50 in. high and 3.25 in. wide 
(fig. 3) and had four equally spaced, rearward- facing 
pressure orifices for measuring base pressure. Wing- 
fuselage fairings, described in reference 3, filled the 
gap between the fuselage and the wing lower surface. 
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Wing . The wing planform geometry is presented 
in figure 4. The wing reference plane was located 
3.250 in. above the fuselage centerline. The wing was 
defined by specifying supercritical airfoil sections at 
three spanwise stations. The wing-tip leading edges 
were faired and rounded. A more complete wing 
description is presented in reference 3. 

D-nacelle and pylon. The flow-through, long- 
duct, mixed-flow D-nacelle shown in figure 5(a) was 
tested. The nacelle was designed to have a mass flow 
ratio Ao/Ahl of 0.70 at the free-stream Mach number 
of 0.80. It had a maximum diameter of 4.500 in. and a 
length of 15.750 in. with smooth exterior and interior 
surfaces (continuous first and second derivatives in 
the axial direction). For the configuration shown in 
figure 5(a), the pylons originated at FS 30.5615, ap- 
proximately at the wing crest. They had symmetric, 
elliptical cross sections and faired smoothly into the 
axisymmetric nacelle afterbodies. A more detailed 
description of the D-nacelles and pylons is presented 
in reference 3. 

The D-nacelles were tested at several chordwise 
and spanwise locations (fig. 5(b)). These included 
the configuration presented in reference 3 with the 
nacelle centerline at t] = 0.370 and the inlet face at 
FS 33.65 (x/c = 0.714). The nacelles were also tested 
1 in. forward chordwise (FS 32.65, x/c — 0.614). 
Because the wing was thicker at this location, this 
configuration required additional fairing between the 
nacelle, pylon, and wing as shown in figure 5(c). The 
nacelles were also tested at FS 33.65 at the nominal 
semispan positions of r\ = 0.328 ( x/c = 0.736) and 
Tj = 0.255 ( x/c = 0.768). The change in wing 
shape at 77 = 0.255 resulted in a nacelle incidence of 
approximately 2° for that configuration. The nacelles 
were also tested with 2° toe-in at the 77 = 0.328 
position. 

Antishock bodies . The antishock bodies were 
tested only on the D-nacelles with 2° toe-in at 77 = 
0.328 (fig. 6 ). The antishock bodies had semiconi- 
cal forebodies and streamlined boattail afterbodies. 
The long-cone antishock bodies described in refer- 
ence 3 were mounted on the pylons with the cone 
apexes at FS 31.2, approximately the wing maximum 
thickness location. They were also tested at a 1-in- 
forward location (FS 30.2) and at the 1 -in-forward 
location with the afterbodies faired to the nacelle ex- 
its. All the bodies were tested at 0° cant angle. The 
antishock bodies were intended to be aerodynamic 
fairings for the structure required to install nacelles 
in this extreme aft position. The bodies were origi- 
nally designed to relieve the shock formation on the 
wing upper surface and thus reduce the wave drag 
due to shock losses (ref. 16). 


Instrumentation 

The model aerodynamic force and moment data 
were obtained by an internally mounted, six- 
component strain-gauge balance (balance 838). Sting 
cavity and base pressures were measured by individ- 
ual electrical strain-gauge transducers and were used 
to correct the cavity and base static pressures to the 
free-stream static pressure for force coefficients. The 
support-strut angle was measured by a helical po- 
tentiometer geared to the strut. Instruments were 
calibrated to an accuracy of at least ±0.5 percent of 
their maximum load. The drag-coefficient accuracy 
based on repeatability was approximately ±0.0003. 
The free-stream Mach number accuracy was ±0.005. 

Tests 

This experimental wind-tunnel investigation was 
conducted in the Langley 16-Foot Transonic Tun- 
nel at free-stream Mach numbers from 0.70 to 0.85. 
The model angle of attack was varied from -2.5° to 
4.0° at zero sideslip. The Reynolds number based on 
the mean geometric chord varied from approximately 
2.5 x 10 6 to 3.0 x 10 6 . Boundary-layer transition on 
the model was fixed by using a grit transition-strip 
procedure (ref. 17). Transition was fixed on the fuse- 
lage nose, wing, nacelles, vertical-tail bullet fairing, 
and horizontal and vertical tails as detailed in refer- 
ence 3. Transition strips on the wing were applied in 
an aft location (fig. 7) to match the boundary-layer 
thickness at the trailing edge (ref. 18). Boundary- 
layer transition at the strips was verified by flow- 
visualization tests during the tunnel entry for refer- 
ence 3. (See fig. 1 of ref. 3.) Because large pressure 
gradients in the fuselage cavity, found during the tun- 
nel entry for reference 3 , made base pressure correc- 
tions difficult, a cylindrical base fairing was added 
to make base pressure corrections simpler and more 
accurate. Except for two baseline runs, tests were 
conducted in this investigation with the T-tail re- 
moved, because it was difficult to accurately set the 
tail incidence angle to 0°. A second tunnel entry in 
this investigation was conducted to verify the large 
difference in A C& for the configuration shown in fig- 
ure 5 (a) between this investigation and that of ref- 
erence 3. (This difference was an indication of na- 
celle/tail interference.) 

Data Reduction 

All wind-tunnel parameters and model data were 
recorded simultaneously on magnetic tape. Averaged 
values were used to compute all parameters. The 
model angle of attack was computed by correcting 
the support-strut angle for sting deflections based on 
balance loads and for wind-tunnel upflow determined 
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from inverted model runs in a previous wind-tunnel 
entry (ref. 2). Sting cavity and fuselage base pres- 
sures were used to correct the longitudinal balance 
components for pressure forces on the fuselage base 
and in the sting cavity. Force coefficients were stan- 
dardly corrected to values that corresponded to free- 
stream static pressure acting on the base and sting 
cavity. This was done because model geometry modi- 
fications necessary to support the model caused unre- 
alistic pressures in the base area. The nacelle internal 
drag corrections of reference 3 for the configuration 
shown in figure 5(a) were used for all configurations 
with nacelles. These corrections were computed by 
using nacelle internal static pressures to determine 
the mass flow for a one-dimensional flow calculation, 
and then by integrating the computed internal pres- 
sure and friction forces. Skin-friction drag was cal- 
culated by using the method of Frankl and Voishel 
(ref. 19). No corrections were made for model block- 
age since it was only 0.36 percent of the test-section 
cross section with the model level. Forces and mo- 
ments were transferred to the model moment center, 
the quarter-chord point of the mean geometric chord 
on the model waterline (WL 0.0). 

Presentation of Results 

Figure 


Basic longitudinal aerodynamic force data: 

Wing-body /tail configuration 8 

Wing-body configuration 9 

Wing-body /D-nacelle at xfc = 0.614 

and 7] = 0.370 10 

Wing-body/D-nacelle at x/c = 0.714 

and 7] = 0.370 . . .. 11 

Wing-body/D-nacelle at x/c = 0.736 

and 7] = 0.328 12 

Wing-body/D-nacelle at x/c — 0.768 

and 7] = 0.255 13 

Wing-body/D-nacelle at x/c = 0.736 

and 7] = 0.328 with 2° toe-in ...... 14 

Wing-body/D-nacelle at x/c = 0.736 
and tj = 0.328 with 2° toe-in 
and long-cone antishock bodies 

at FS 31.2 15 

Wing-body/D-nacelle at x/c — 0.736 
and 7 ] = 0.328 with 2° toe-in 
and long-cone antishock bodies 

at FS 30.2 16 

Wing-body/D-nacelle at x/c = 0.736 
and 7] = 0.328 with 2° toe-in 
and long-cone antishock bodies faired 
to nacelle exit at FS 30.2 ....... 17 

Effect of aft-mounted nacelles on wing 

pressure-coefficient distributions .... 18 

Effect of D-nacelle chordwise location ... 19 


Figure 


Effect of D-nacelle spanwise location ... 20 

Effect of D-nacelle toe-in 21 

Effect of antishock bodies 22 

Basic longitudinal aerodynamic force data 
for second wind-tunnel entry: 

Wing-body configuration 23 

Wing-body/T-tail configuration 24 

Wing-body/D-nacelle configuration .... 25 

Wing-body/D-nacelle/T-tail 

configuration 26 

Effect of nacelle/tail interference 
on installed drag coefficient 

at A/qo = 0.80 27 

Comparison of installed drag coefficients 
for D-nacelle configurations with 
T-tail removed at Afoo = 0.80 28 


Results and Discussion 

Basic Longitudinal Aerodynamic Data 

The basic longitudinal aerodynamic data for the 
clean wing-body configuration, with and without the 
T-tail, and the various underwing aft-mounted D- 
nacelle configurations are presented in figures 8 to 17. 
All D-nacelle configurations were tested with the T- 
tail removed. Plots of lift coefficient versus angle of 
attack and plots of drag coefficient, pitching-moment 
coefficient, and lift-drag ratio versus lift coefficient 
are shown for free-stream Mach numbers from 0.70 to 
0.85. Data are presented for the clean wing-body/tail 
configuration in figure 8, for the clean wing-body 
configuration in figure 9, for the configurations with 
D-nacelles in various chordwise and spanwise loca- 
tions in figures 10 to 14, and for the configurations 
with antishock bodies in figures 15 to 17. The anal- 
ysis of these data was made primarily at the design 
cruise conditions of — 0.80 and Cl = 0.43 (at 
a « 1°). To aid in the analysis, data were interpo- 
lated to account for small free-stream Mach number 
variations. 

Aft-Mounted Nacelle Characteristics 

As discussed in reference 3, installation of the 
D-nacelles resulted in an expected total drag increase 
throughout the angle-of-attack range as a result of 
the skin-friction drag and form drag associated with 
the additional nacelle wetted area. However, there 
was an almost constant lift increase throughout the 
angle-of-attack range that resulted from the favor- 
able interference caused by the pressurization of the 
wing lower surface by the D-nacelles. This constant 
lift increase resulted in rotated drag polars for the 
D-nacelle configurations. A portion of this lift in- 
crease may also have been a result of the nacelle 
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acting as an underwing fence, retarding the strong 
spanwise flow in the cusp region of the supercritical 
wing. 

The pressurizing effect of the D-nacelles is evi- 
dent in the chordwise pressure-coefficient distribu- 
tions presented in figure 18 (extracted from ref. 3) 
for the D-nacelle configuration shown in figure 5(a). 
Wing chordwise distributions at span stations in- 
board, along the centerline, and outboard of the na- 
celles are presented. The pressurizing effect extended 
from the nacelle inlet at xjc — 0.714 forward to the 
wing leading edge. Just outboard of the nacelle, a 
large acceleration of the flow around the nacelle inlet 
lip is indicated (fig. 18(c)). This acceleration may be 
due to the large flow angles negotiated by the strong 
spanwise flow in the cusp of the supercritical wing 
lower surface. 

The D-nacelle pylon on the wing upper surface 
caused a small lift loss that was indicated by the 
pressure-coefficient increase just aft of the wing up- 
per surface shock wave (at xjc ~ 0.45 in fig. 18(c)). 
The primary purpose of this investigation was to test 
the D-nacelles at various spanwise and chordwise lo- 
cations to ascertain whether additional performance 
gains could be realized by increasing the wing lower 
surface area pressurized by the D-nacelles. 

Effect of Chordwise Location 

The D-nacelles were tested at two chordwise loca- 
tions in the 77 = 0.370 semispan plane ( xjc = 0.714 
and xjc — 0.614). The nacelle configuration with 
the inlet face at xjc — 0.714 (fig. 5(a)) was the same 
nacelle configuration tested in reference 3. However, 
a new base was added to the fuselage, and the T- 
tail was removed. The xjc = 0.614 configuration is 
shown in figure 5(c). The extra wing thickness at this 
location forced the D-nacelle and pylon farther apart 
vertically, and therefore required additional fairing. 

The effect of the D-nacelle chordwise location is 
shown in figure 19. Both D-nacelle configurations 
had higher lift and drag than the wing-body con- 
figuration. The xjc = 0.714 configuration had a 
0.05 higher lift coefficient over almost all the angle- 
of-attack range. This lift increase of the D-nacelle 
configurations resulted in rotated drag polars rela- 
tive to that of the wing-body configuration. The 
polar of the xjc = 0.614 configuration crossed over 
the polar of the wing-body at Cl = 0.825 and 
over the polar of the xjc = 0.714 configuration at 
C L = 0.785. The xjc = 0.714 configuration had 
a 0.0020 lower installation drag coefficient at cruise 
( Cl = 0.43) than did the xjc = 0.614 configura- 
tion. The xjc = 0.714 configuration had an installa- 
tion drag coefficient of 0.0025. This was 0.0002 be- 
low the computed isolated nacelle/pylon skin-friction 


drag coefficient Cjyj nac of 0.0027 and only 0.0005 
above ACpj = 0.0020. (A Cqj is less than 
because the D-nacelle and pylon covered portions 
of the wing.) Both D-nacelle configurations had 
higher pitching-moment coefficients than the wing- 
body configuration; those for the xjc — 0.614 con- 
figuration were higher. The lift-drag ratios for both 
configurations were lower than those for the wing- 
body configuration (fig. 19(d)). The difference in 
L/D for the xjc — 0.714 configuration was approxi- 
mately half that for the xjc — 0.614 configuration at 
cruise. It was concluded that moving the D-nacelles 
more aft increases the pressurized wing lower surface 
area, which improves the aerodynamic performance. 
However, the structural problem of mounting the na- 
celles may become more difficult. 

Effect of Spanwise Location 

The D-nacelles were tested at three semispan 
locations — 77 = 0.370, 0.328, and 0.255. The inlet 
faces for these configurations were all located at a 
constant distance forward of the wing trailing edge 
at FS 33.65. The change in wing twist and airfoil 
shape at rj = 0.255 resulted in a nacelle incidence 
change of approximately 2°. 

The effect of the D-nacelle spanwise location is 
shown in figure 20. All three configurations had lift- 
coefficient increases relative to that of the wing-body 
configuration, and the increments increased as the 
nacelles were moved inboard (fig. 20(a)). This may 
be the result of the pressurization of a larger wing 
lower surface area as the nacelles were moved in- 
board. The pitching-moment coefficient in general 
varied only 0.01 between the three configurations, 
and the coefficients decreased as the nacelles were 
moved inboard (fig. 20(c)). This was not surprising 
since the nacelle axial location was the same for all 
three configurations. While the lift increased as the 
nacelles were moved inboard, the C o versus C l plots 
(fig. 20(b)) and the L/D versus Cl plots (fig. 20(d)) 
show that the drag increased also. The installed 
drag coefficients for the 77 = 0.370 and 77 = 0.328 
configurations were almost identical; however, the 
installed drag coefficient for the 77 = 0.255 config- 
uration was about 0.0010 higher. While this differ- 
ence may be partly caused by the nacelle incidence 
change for the 77 = 0.255 configuration, the increas- 
ing nacelle/fuselage interference drag as the nacelles 
were moved inboard nearer the fuselage was proba- 
bly the biggest factor. The installed drag coefficient 
for the 77 = 0.328 configuration was the lowest at 
ACq = 0.0024. This value was 0.0003 below Co t /, nac 
and only 0.0004 above ACpj. 


5 



Effect of Nacelle Toe-In 

The D-nacelles were toed-in 2° in an effort to re- 
duce the negative pressure-coefficient peak that oc- 
curred near the outboard inlet lip of the D-nacelles 
(fig. 18(c)) by better aligning the nacelles with the 
local flow. This peak reduced the increment in Cl 
caused by the D-nacelles. Since the r\ = 0.328 con- 
figuration had the best performance tested, the na- 
celles were toed-in at this location. The results 
are shown in figure 21. The lift coefficient was in- 
creased by 0.02 at the cruise angle of attack of 1°. 
The pitching- moment coefficient was essentially un- 
changed. The installed drag coefficient was reduced 
0.0003 to A Cft — 0.0021 — this was 0.0006 below 
C D,/,nac an< 3 °nly 0.0001 above ACpj. 

Antishock Bodies 

Structurally, the installation of nacelles in an aft 
position is an extremely difficult task, since the for- 
ward attachment points would be located well behind 
the aft structural member of the wing. Pylons of 
sufficient size to provide adequate structural volume 
have an associated installation drag. This structural 
volume might be acquired with a minimum installed 
drag penalty by employing antishock bodies similar 
to those reported in reference 16. 

Three antishock-body configurations were tested 
on the 2° toed-in D-nacelles at 77 = 0.328 (fig. 6). 
The long-cone antishock bodies of reference 3 were 
tested at the same axial location (FS 31.2). The 
antishock bodies were also tested at a location 1 in. 
forward (FS 30.2) and at the 1-ip-forward loca- 
tion with the antishock bodies faired to the nacelle 
exits. The results are shown in figure 22. The per- 
formances of all the antishock-body configurations 
were about the same; the antishock bodies located 
at FS 30.2 performed slightly better. The anti- 
shock bodies cut the lift-coefficient increase of the 
D-nacelles from 0.10 to 0.05. The pitching-moment 
coefficients changed little. The installed drag coef- 
ficient at cruise (Cl = 0.43) increased by 0.0006 to 
A Cj) — 0.0027. This was still 0.003 below the iso- 
lated skin- friction drag coefficient of the nacelles, py- 
lons, and antishock bodies of 0.0030. 

Nacelle/Tail Interference 

The configuration with the D-nacelles located at 
x/c~ 0.714 and 77 = 0.370 and with the tail on in ref- 
erence 3 was tested in this investigation with the tail 
off. The resulting installed drag coefficients were sur- 
prisingly different, 0.0043 for reference 3 and 0.0025 
for the present investigation. There were differences 
between the configurations of the two wind-tunnel 


investigations. In addition to having the T-tail re- 
moved, the baseline wing-body and D-nacelle con- 
figurations of this investigation had a new fuselage 
base fairing for reasons cited previously. To deter- 
mine whether the interference between the T-tail and 
the D-nacelles was really this large, a second wind- 
tunnel entry was conducted during this investigation. 
Four configurations were tested: the wing-body, the 
wing-body with D-nacelles, the wing-body with T- 
tail, and the wing-body with T-tail and D-nacelles. 
All configurations had the new base fairing. The ba- 
sic longitudinal data for each configuration are pre- 
sented in figures 23 to 26. A comparison of the drag 
coefficient versus lift coefficient for these configura- 
tions at Mqo = 0.80 is shown in figure 27. At cruise 
(Cl = 0.43), AC/) = 0.0049 for the configurations 
with the T-tail, and AC/) = 0.0033 for the con- 
figurations with the T-tail removed. This indicates 
the nacelle/tail interference was 0.0016. This value 
might be unrealistically high for a real airplane con- 
figuration, since the wings and nacelles would prob- 
ably be located more forward for weight and balance 
considerations. The nacelles also would probably be 
shorter. Therefore, the nacelles and tail would be far- 
ther apart and would probably have less interference. 

The drag-coefficient differences at cruise (Cl = 
0.43) for the three configurations tested in both wind- 
tunnel entries were surprisingly large. It was 0.0008 
for the wing-body configuration, 0.0014 for the wing- 
body with D-nacelles, and 0.0002 for the wing-body 
with T-tail. It was felt that the 0.0008 difference 
for the wing-body was understandable because of 
the added nacelle mounting holes in the wing and 
because of general model wear from wind-tunnel 
testing. The additional 0.0006 difference for the 
wing-body /D-nacelle configuration could be caused 
by wear on the nacelles and differences in nacelle 
alignment, since holes were elongated in order to toe- 
in the nacelles. The 0.0006 difference for the wing- 
body/T-tail configuration (0.0008-0.0002) could be 
due to differences in mounting the T-tail and setting 
the incidence exactly the same for the two entries. 

Conclusions 

An investigation to determine the longitudinal 
aerodynamic effects of installing engine nacelles in 
aft underwing positions on a high-wing transonic 
transport airplane model has been conducted. Flow- 
through, mixed-flow nacelles with D-shaped inlets 
were tested over a free-stream Mach number range 
from 0.70 to 0.85 and an angle-of-attack range from 
-2.5° to 4.0°. A comparison of installed drag coeffi- 
cients at cruise conditions (free-stream Mach number 
= 0.80; lift coefficient = 0.43) for the various config- 
urations tested is presented in the following figure: 
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Moo 


0.80 


C L = 0.43 

C D,f,nac= 0 0027 
T-tafl not installed 



The following conclusions are presented: 

1. At the 0.370 semispan location 77, the config- 
uration with the more aft nacelle position had the 
lesser installed drag coefficient. 

2. Variation of the nacelle spanwise position re- 
vealed that the configuration with the 77 = 0.328 
nacelle position, the middle nacelle position, was 
slightly more favorable in nacelle installation drag 
A Cj) than the configuration with the nacelles at 
rj = 0.370 because of the larger wing area affected. 
While the nacelles at the 77 = 0.255 position af- 
fected the largest wing area, the proximity of the 
nacelles and fuselage probably caused enough na- 
celle/fuselage interference drag to result in the largest 

AC °- 

3. Toeing-in the nacelles at the 77 = 0.328 posi- 
tion to better align the nacelles with the local flow 
resulted in the lowest value of AC#, 0.0021, which 
is 0.0006 below the isolated skin friction of the D- 
nacelles and pylons and only 0.0001 above the dif- 
ference in skin-friction drag coefficient due to na- 
celle/pylon installation. 

4. The long-cone antishock body located with the 
apex at fuselage station 30.2 (at the local pressure- 
coefficient peak) had the lowest additional AC/), 
0.0006. This A Co was still 0.0003 below the isolated 
skin-friction drag coefficient for this configuration. 

5. The interference drag coefficient between the 
T-tail and D-nacelles was approximately 0.0016. 


This value would probably be much lower for con- 
figurations in which the nacelles and tail are more 
realistically farther apart for weight and balance 
considerations. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
October 5, 1990 
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Figure 1. Transonic transport airplane with aft-mounted D-nacelles and antishock bodies. 
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(a) General description. 


Figure 3. Fuselage geometry. All dimensions are in inches. 
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b) b ting- cavity detaii 
Figure 3. Concluded. 





Fuselage MHB 



Figure 4. Wing planform. All dimensions are in inches unless otherwise specified. 
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(c) Aft-wing-mounted D-nacelle at xjc — 0.614 and 77 = 0.370. 
Figure 5. Concluded. 
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a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 8. Longitudinal aerodynamic characteristics for wing-body /tail configuration. 








3.5 - 3.0 - 2.5 - 2.0 - 1.5 - 1.0 -.5 0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 


a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 9. Longitudinal aerodynamic characteristics for wing-body configuration. 










Figure 10. Longitudinal aerodynamic characteristics for wing-body configuration with D-nacelles at 
x/c = 0.614 and rj = 0.370. 
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(d) Variation of lift-drag ratio with lift coefficient. 
Figure 10. Concluded. 







a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 11. Longitudinal aerodynamic characteristics for wing-body configuration with D- nacelles at 
x/c — 0.714 and 77 = 0.370. 
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(a) Variation of lift coefficient with angle of attack. 

Figure 12. Longitudinal aerodynamic characteristics for wing-body configuration with D-nacelles at 
x/c = 0.736 and t] = 0.328. 





(d) Variation of lift-drag ratio with lift coefficient. 
Figure 12. Concluded. 
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a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 13. Longitudinal aerodynamic characteristics for wing-body configuration with D-nacelles at 
x j c = 0.768 and r] = 0.255. 









a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 14. Longitudinal aerodynamic characteristics for wing-body configuration with 2° toed-in 
D-nacelles at x/c= 0.736 and rj — 0.328. 



(b) Variation of drag coefficient with lift coefficient 
Figure 14. Continued. 
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Figure 15. Longitudinal aerodynamic characteristics for wing-body configuration with 2 toed-in 
D-nacelles at x/c = 0.736 and rj = 0.328 and with long-cone antishock bodies at FS 31.2. 







(a) Variation of lift coefficient with angle of attack. 

Figure 16. Longitudinal aerodynamic characteristics for wing-body configuration with 2° toed-in 
D-nacelles at xjc — 0.736 and rj = 0.328 and with long-cone antishock bodies at FS 30.2. 






(d) Variation of lift-drag ratio with lift coefficient. 
Figure 16. Concluded. 
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a t deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 17. Longitudinal aerodynamic characteristics for wing-body configuration with 2° toed-in 
D-nacelles at x/c = 0.736 and t] = 0.328 and with long-cone antishock bodies at FS 30.2 faired 
to nacelle exits. 
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(a) Variation of lift coefficient with angle of attack. 
Figure 19. Effect of D-nacelle chordwise location. M 0 0 = 0.80. 
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(b) Variation of drag coefficient with lift coefficient. 
Figure 19. Continued. 



Wi ng-body 



(c) Variation of pitching- moment coefficient with lift coefficient. 
Figure 19. Continued. 







(d) Variation of lift-drag ratio with lift coefficient. 
Figure 19. Concluded. 
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(a) Variation of lift coefficient with angle of attack. 
Figure 20. Effect of D-naceUe spanwise location. Moo — 0.80. 
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(b) Variation of drag coefficient with lift coefficient 
Figure 20, Continued. 



Wing-body 



(c) Variation of pitching- moment coefficient with lift coefficient. 
Figure 20. Continued. 






(d) Variation of lift-drag ratio with lift coefficient. 
Figure 20. Concluded. 




m 
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(a) Variation of lift coefficient with angle of attack. 
Figure 21. Effect of D-nacelle toe-in. = 0.80. 



Wi ng-body 



(b) Variation of drag coefficient with lift coefficient 
Figure 21. Continued. 





Wi nq-body 



(c) Variation of pitching- moment coefficient with lift coefficient. 
Figure 21. Continued. 





(d) Variation of lift-drag ratio with lift coefficient 
Figure 21. Concluded. 






FS 31.2 anti shock body 
FS 30.2 anti shock body 
FS 30.2 faired anti shock body 



(b) Variation of drag coefficient with lift coefficient. 
Figure 22. Continued. 
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FS 31.2 anti shock body 



(c) Variation of pitching-moment coefficient with lift coefficient 
Figure 22. Continued. 
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(d) Variation of lift-drag ratio with lift coefficient. 
Figure 22. Concluded. 
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(a) Variation of lift coefficient with angle of attack. 

Figure 24. Longitudinal aerodynamic characteristics for wing-body /T- tail configuration (second wind- 
tunnel entry). 









a , deg 

(a) Variation of lift coefficient with angle of attack. 

Figure 25. Longitudinal aerodynamic characteristics for wing-body configuration with D-nacelles at 
x/c = 0.714 and rj — 0.370 (second wind-tunnel entry). 



(c) Variation of pitching-moment coefficient with lift coefficient 
Figure 25. Continued. 




(d) Variation of lift-drag ratio with lift coefficient 
Figure 25. Concluded. 
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(a) Variation of lift co< 

Figure 26. Longitudinal aerodynamic characteris 
at xjc — 0.714 and r/ = 0.370 (second wind-tu 
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(c) Variation of pitching-moment coefficient with lift coefficient. 
Figure 26. Continued. 
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